FDTD and Monte Carlo methods are combined to simulate the terahertz radiation from a coplanar photoconducting structure. The simulation tool under consideration allows calculation of potentials, particle distributions, current densities, and the near field electromagnetic fields anywhere in the computational domain. To model the far field radiation, it is not efficient nor, in many cases, physically possible at present to use the FDTD technique directly because of the excessive computational burden. Impedance matching to a highly lossy medium is accomplished by utilizing electric and magnetic loss terms to attenuate only the outgoing portion of the wave. In the PML, absorption is theoretically independent of frequency and angle ofincidence [8] .
INTRODUCTION
Characterization of the electromagnetic radiation arising from ultrafast electronic structures whose dimensions approach the wavelength of operation is a subject of continued research. The design of terahertz radiators [1, 2] as well as applications such as electrooptic sampling [3] , switching [4] , and terahertz spectroscopy [5] Berenger's Perfectly Matched Layer (PML) [8] .
Impedance matching to a highly lossy medium is accomplished by utilizing electric and magnetic loss terms to attenuate only the outgoing portion of the wave. In the PML, absorption is theoretically independent of frequency and angle ofincidence [8] .
Photo-Conducting Experiment
The radiation arising from a photo-conducting system is modeled using the simulation tool described above. In this system, a sub-picosecond laser pulse incident on a GaAs substrate creates electron-hole pairs, as shown in Figure 2 . Biased electrodes on either side of the pulsed area cause the electrons and holes to migrate away from each other, creating a dipole moment. A time-varying current density is induced in the GaAs substrate. The rise time of the current pulse is extremely fast, on the order of a few hundred femtoseconds, as illustrated in Figure 3a . This current density is the source of the EM radiation in the photo-conducting experiment. Once the excitation is removed, the biased electrodes continue to attract the electrons and holes, therefore recombination occurs over a timescale much longer than the simulation time. 
RESULTS
Figures 4a and 5a show the near field radiation along a surface above and parallel to the GaAs substrate of the structure shown in Figure 2 . These fields were calculated using the simulation tool described above, with a bias of 40 volts on the metal electrodes, and an injection rate of e 15/cm 3.
In this simulation it was assumed that the laser pulse had a Gaussian wavefront with beam radius standard deviation of 2 gm, a Gaussian-distributed energy variation between 1.42 eV and 1.62 eV (larger than the bandgap of GaAs), and a pulse duration of approximately 20 fs. If the source is modeled as a Hertzian dipole, i.e., a dipole with negligible length, the radiation may be found using the well-known equations for an infinitesimal dipole, repeated, for convenience, below. See e.g. [9] , for the derivation. fvJ(t-7) dv fv 7)dv' (1)
Here R is the distance from the dipole to the far field observation point, J is the volume current density induced by the dipole, and 0 is measured off the dipole axis. Figures 4b and 5b show the fields from an ideal dipole for comparison to that of the near field radiation found using the FDTD simulation in Figures 4a and 5a . The effects of the various material parameters in the simulation space may be seen in Figure 4a . Specifically, the GaAs/air interface causes some variation in the field distribution near the center of the surface.
To model the far field radiation, only terms which decrease as 1/R are retained from Eq. (1). In this case, the electric field is given by:
Eo(R, t)-4r-oc20-t .fffv JvdV' (2) The far field radiation is proportional to the time derivative of the excitation. Eq. (2) 
